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I. INTRODUCTION 

The U. S. Government enters into a large number of 
contracts with the private sector because it has an interest 
in encouraging private action to accomplish its gcais. 
Contracts are written, agreed to, and executed with the 
rc Se cf fulfilling the needs of Government agencies. Ir 
doing so, however, Many contracts experience cost overruns 
Lecause of imperfect wording of contract provisions, tech- 
nical difficulties experienced by contractors, changes in 


Government mission requirements, or other reasons. 


Cne cause of cost overruns is the change order--a modi- 
fication issued unilaterally by a Government contracting 
officer directing the contractor to make changes within 
certain regulatory limits. The change order is issued 
during the life of the contract and usually directs certain 
actions in exchange for compensation to tne contractor. ihe 
intent of the change order is to benefit both the Government 
and the private contractor in seeking equitable soluticrs to 
otherwise urtenable situations. The change order is consid- 
ered a tcol of the Government to provide flexibility during 
eontraet administraticn, but its value is fully realized 
only when used with restraint. Contract managers sometimes 
permit change order tc be used excessively, especially when 
they make liberal or lenient interpretations of change crder 


regulaticns and policies. 


The contractor is notivated by the need to survive and 
to make profits. It is understandable that changes toa 
contract would be priced at a premium if the prices were 
solely determined by tne contractor, so payments for changes 


are negotiated at what is considered to be "eguitakle 


adjustment."! Critics of Government overspending cite 
instances of wasteful overruns on Government contracts as 
testimony to the mismanagement of funds. It 1S tho 
Government's duty to use these funds strictly for the public 
good. Since private concerns are subordinate to the public 
good, the Government has an equal interest 1n assuring that 


private individuals tc not benefit at its expense. 


The process of cost overruns may be exemplified in 
Government construction contracting by significant numbers 
of change orders. Construction contracting is Unam 
because virtually every facility differs from others in 
terms of function and description. Whenever a new and 
creative architectural concept is expressed in a set of 
drawings and specifications, it is difficult to insuré an 
all the details are flawlessly coordinated. 


This thesis will analyze problems associated with change 
orders for construction contracts and attempt to Idee 
variakles that Significantly affect change order occurences. 
The motivation of contractors is of primary concern in 
determining whether they have been successful in attaining 
profits and in improving their positions as a result of 


overreliance on chances to contracts. 


Chapter II ¡provides a background for the concepts wan 
competitive bidding and contract change orders. A perspec- 
tive of the bidding contractor is taken to examine his 
motives and strategies prior to bidding. Several measures 
of "level cf competitiveness" are introduced from bidding 
theory literature that will be employed inthe analysis 
chapter of this thesis. The means by which change orders 


_ lTne determinant of what constitutes an  "'"equitarle 
adjustment" has never been objectively gualified or guanti- 
iene It is construed in the ordinary meaning to connote. 
"falr," "reasonable," "just," or "right" arrangement we 
settlement. 
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can Le made are exarined. The general hypothesis of this 
thesis is then presented after the reader is introduced to 


these concepts. 


Chapter III is tke presentation and analysis of a model 
constructed of actual data from one or tne Naval Facilities 
Engineering Command's (NAVF AC) Engineering Field Divisicns 
ID). Recently awarded construction contracts of Western 
Division, Naval Facilities Engineering Coumand (WESTDIV) are 
analyzed using the concepts introduced in Chapter II. 
Appendices A and B prcvide a description and listing of the 


variakles used for the analysis. 


Chapter IV summarizes the thesis and the findings 
discovered in analysis. In addition, some general conclu- 
siors are made which are either supported by the findings or 
which attempt to explain inconclusive results. Einmal, 


recommendations for future, related research are made. 
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II. BACKGROUND 


A. GENERAL 


The Department of Defense (DOD) 1S the largest 
contracting agency irn the federal government, with annual 
awards running well over $100 billion in the early 1980's. 
By the end of the decade this figure is likely to double. 
Congress and others concerned with federal spending and 
accountalility have paid particularly close attention to DOD 
because most of this money is spent noncompetitively. In 
Fiscal Year 1981, 95725052252 billion worth of prage 
contracts, only 7.6 percent of this money was invclved in 


competitively-awarded contracts [Ref. 1: p. 106]. 


This concern generated the creation of the Office of 
Federal Frocurement Pclicy as an agency to prescribe reguaula- 
tions and pclicies for federal procurement that would foster 
Fore competitive pricing [Ref. 1: pp. 241-2405]. The Federal 
Budget in 1982 projected total government outlays for shore 
facility ccnstruction and rehabilitation in excess of $30 
billion [Ref. 2: p. 1). The Navy Department's share of 
this amount was feroximately $830 million. The Naval 
Facilities Engineering Command (NAVFAC), which administers 
most of this money, traditionally awards its construction 
contracts on a competitive, lump-sum basis. Competitive 


procurement then, is a consistent practice among the few. 


2The__ Federal Budget PIO this amount for FTFi1is 
Year 1982 Navy Departmen Military Construction eoutyaw sa 
This included money for for active and reserve Navy - and 


Marine Corps components. It did not include constructum 
funded from other sources, Such as Non-Appropriated Funes 
Defense, Family Housing, and Operations an Maintenance 


appropriations. 


Aa 
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ve rdding, however has not escaped criti- 
cism.  Fcrmer General Counsei for the Department of the Navy 
F. Trowbridge Vom Baur once argued during a Senate hearing 
that fierce competiticn is not in DOD's interest because it 
forces contractors tc offer "bare bones" prices that could 
cause them to go cut of business. As a result the 
contractor, Vom Baur stated, is forced to find a way to 
recover any foregone contingency for clains after the 
contract is awarded. Tris could be done he claimed, asa 
result cf changes desired by the Government during tne 
performance or the ccntract work. Furthermore, he contended 
Bat competitive procurement attracts only marginal 
producers" interested in low profit business. Referring to 
complex systems proctrement, he explained that claims would 
cccur more often when contracts are competed than when they 
are negotiated. [Ref. 3: pp. 120-121] 


A supporting argument is that the competitive 
bidding precess carries with it a heavy financial burden on 
the Government and spawns sone ridiculous practices. 
"Competitive bidding causes government to be a bad customer 
and, therefore, get bad treatment from the vendor." The 
contractor is obliged to cut services where possible and act 
particularly stingy and uncooperative when the contractor 
learns that some significant feature or requirement was left 


eutewor the original centract documents. [Ref. 4} 


Ample testimcny has been given to refute the criti- 
cisms oí competitive bidding [Ref. 5]. Senator Proxnire 
Challenged Vom Baur's statements with convincing counte- 
rargument. Nevertheless, a competitively bid, fixed price 
ntact Impacts Mere risk upom a contractor than any other 
common form of contractual agreement. Tae "Changes" clause 
in Government contracts was therefore adopted for the mutual 
benefit 21517172665 officer and the ভিডি: 256০0 
[Ref. 6: p. 38]. 
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Ihe zoncept that the Government should have the 
right to order changes to the work under a contract has been 
a part of the Government contracting process for years. The 
"Changes" clause (see Figure 2.1) gives the Government the 
flexibility to purchase work or effort directly from an 
existing contractor without the necessit, oz following an 
statutes which require procurement pursuant to the formal 
advertising method. Provided a change is "within the 
general score of the contract," a Contracting Officer may 
bypass a great deal cf administrative effort by negotiating 
the cost of a work change directly with the original 


contractcr.? 


Ihe "Changes" clause also serves a usezul purpose in 
allowing ccntractors a means of initiating changes when 
errors in the drawings and specifications or special rrob- 
lems in site conditions are encountered. Some Government 
officials have been ccncerned that a contractor can utilize 
this clause as a vehicle for improving his position under a 
contract where a loss is beiny incurred either because of a 
substantial underbid or a variety of other reasons. Ihe 
contractor is in a strong bargaining position knowing that 


there will be no price competition. (Ref. 6: pp. 38-394 


A "Changed Conditions" clause was originally incor- 
porated into the Armed Services Procurement Regulation 


(ASPR) 4 to discourage construction contractors from 


3A change order will te defined herein as a means of 
ordering variations,, changes, and additions to the work 
under contract within the “normal authority of the NAVEAC 
Engineering Field Division. Tnerefore Supplemental 
AS mals and change orders that, xwnen added to existing 
change orders on a Ccntract, exceed one hundred percent oz 
tne criginal contract price Shail NotEMUDLe MLE LUE Fred > 
ROICC's are not authorized by NAVFAC to exceed this 
percéntace. 


“The ASPR, adopted in 1947, was replaced by the Defense 
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Figure 2.1 


STANDARD FORM 23-A CONSTRUCTION CONTRACT 
CHANGES CLAUSE 


CHANGES (1968 FEB) 

(a) The Contracting Otficcr mav, at any time, wichout notice to the 
sureties, by written order designated or indicated to be a change order, 
make any change in che work within the gencral scope of the contract, 
including hue nor limited co changes: 

(1) in the specifications (including drawings and designs); 

(11) in the method or manner of performance of the work; 

(iii) in the Government-furnished facilities, equipment, materials, 
setvices, Of site; Of 

(iv) directing acceleration in che performance of the work. 

(b) Any other written. order or an oral order. (which terms as used 
in this paragraph (b) shall include direction, instruction, interpretation 
or determination) from the Contracting Officer, which causes any such 
change, shall be treated as a change order under this clause, pro:rded 
that the Contractor. gives the Contracting. Officer. written. notice stating 
the dare, circumstances, and source of the order and that the Contractor 
regards the order as a change order. 

(c) Except as herein provided, no order, statement, or conduct of 
the Contracting Othcer shall be treated as a chanec under this clause 
or entitle the Contractor to an cquitable adjustment hereunder. 

(d) If any change under this clause causes an increase or decrease in 
the Contractor's cost of, or the time required for, the performance of 
any part of the work under this contract, whether or not changed by 
any order, an equitahle adjustment shall be made and the centract madi- 
fied in writing accordingly: Protided, howerer, That except for claims 
based on defective specifications, no claim for any change under (b) 
above shall be allowed for any costs incurred more than 20 days before 
the Contractor gives written notice as therein required: And provided 
further, That in the case of defective speciftcations fer which the Gov- 
ernment is responsible, the equitable adjustment shall include any in- 
creased cost reasonably incurred by the Contractor in attempting to 
comply with such defective specifications. 

(e) H the Contractor intends to assert a claim for an equitabic ad- 
justment under this clause, he must, within 30 days after receipt of a 
written change order under (a) above or the furnishing of a written 
notice under (b) above, submit to the Contracting Otncer a written 
statement setting forth the general mature and monctary extent of such 
claim, unless this period is extended by the Government. The statement 
of claim hereunder may be included in the notice under (b) above. 

(f) No claim by the Contractor for an equitable adjustment herc- 
under shall be allowed if asserted. after final payment under this contract. 
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Construction Contract Changes Clause. 


asas e e cc WE A a. s m রাজ 


AAA 人 


including contingency allowances in bids EOL Madd Oo cn. 
possikly experienced in handling subsurface materials. T 
rromised an ejuitable adjustment in contract price for addi- 
tional werk necessary to deal with unforeseen conditions. 
It could kte employed only where both contractor and 
Government parties labor under a "mutual mistake of fact" 
concerning estimates cr beliefs involved. Therefore, it was 
not the rurpose of the Changed Conditions Clause to prctect 
a contractor from his own errors oft judgment or calcite 
tions. [Ref ON 


in 1968, a slightly revised clause vas adcpiea 
dealing with "differing site conditions." This clause 
incorporated into the General Provisions for Construction 
Contracts. In effect, this clause removes some risk from 
the Government by providing for an adjustment decreasing the 
price if the conditions are found to be better thar 
expected. "Differing Site Conditions" replaced the fcrmer 
title "Changed Conditions" in the Standard Form 2528 
(Contract Provisions for Construction Contracts) to describe 
more accurately the subject matter of the clause. [Ref. 8: 
Be 2905] 


There is no question that tne "Changes" clause has 
keen used for the purpose of improving the contractor's 
position. The Government has several ways to protect itself 
in this situation. Ihe most common iS to reguire adecuate 
proof of claimed increased costs [Ref. 6: De 39 J: In 
general, the Government is insulated from contract price 
growth by explicit federal regulations binding contracting 
parties and policies that discourage excessive change 
orders. 


dated into, e E {PRE R) ch has since been consoli- 
Su S SEO and replace the" Pedera, Acguisıton Regulatzer 
(FAR Prova $1025 r CO Changed Conditlons, stated 
withir, adi 25৮5 l aprlicabWFfE as 16757729197 
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3. Change Order hate 


The change crder rate is simply the percentage 
increase (or decrease) in contract price over the original 
award amount due to change orders. It is used specifically 
in this research to assess the impact of price changes irre- 
spective of contract size. It has the advantage of placing 
all contracts under a normalized measure of perfcrmance. 
Ihe ccrreszonding disadvantage is that a given change crder 
rate may have very different impacts on contracts of 
contrasting size. This raises the question whether the 
change order rate is a useful measure for assessing the 
perícrmance of contract administration. For exampie, a ter 


percent increase in ccntract price for a small contract may 


ke the result of one rather mundane change. A ter percent 
increase for a large contract, however, probably is the 
result of more complex problems for the contractor. Tne 


amount for these changes could involve complex construction 
methods that affect cther portions of work, or the amount 
could be an accumulation of many minor changes. A number of 
stall changes as opfesed to a single larger one, has the 
tendency to spread disruptive effects throughout many phases 
SE Fecenstructiom This proklem has been the subject of 
C o ime made by Contractors for "inpact" costs created by a 
"ripple effect," where a change disrupts the remainder of 


6517 ৮85 work [Ref. 9: p. 46]. 


Keeping contract change orders within ccntrclled 
minimums is one òf NAVFAC'S goals [ Ref. 10: p. C-109]. Any 
realistic limit to change orders must be expressed as a 
Goal, Act aÑ absolute. Many change orders are valid and 
prudent tools for accomplishing mission objectives. They are 
issued for various reasons, including correcting any errors 
Or omissions in plans and specifications. They give the 


Government the flexibility to make convenient adjustments as 
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a result of inevitable errors, oversights, and changes in 
conditicns or reyuirements. Yet Government ayencies have 
teen accused of using change orders excessively [Ref. 11: p. 
9]: Criticism has been focused on proper or sufficient 


actions by Government Contracting Officers to: 


e Ensure the correctness of contract docuuents prior to 
the sclicitation of the invitation for bids. 

e Screen nonessential customer-requested change orders. 

e Settle contract change order prices within reasonatle 
amounts during negotiations with contractors [Ref. 2: 
[37955508572 


NAVFAC communicates specific management goals for 
its subordinate Engineering Field Divisious (EFD's) through 
annual Command Management Plans (CMP). In many cases, sou 
are specifically tailcred for each EFD. Under the Fiscal 
Year 1984 Construction Program of the CMP, all EFD's are 


subject to the same criteria for change orders: 


e Keep all construction type change orders within six (6) 
percent of their cumulative current year contract Work 
in PlaceS (WIP) while maintaining Military Construction 
change crder activity at five (5) percent. 

e Keer unforeseen conditions orders$ within two percent of 
the cumulative current year construction contract WIPE 

e Keep design change orders? within 1.5 percent of the 
Cumulative current year construction contract WIP. 
(Ret. 1027p. Gate | 


SWork in Place refers to the dollar value of work 
considered to be ccrstructed in lace by a contractor. 
Progress payments are entitled to the contractor based upan 
the determination of this value by the ROICC. 


eCMS-coded (see Chapter III.A.1) change orders caused as 
a result of underground obstructions changed soil ccndi- 
trans unobserved site conditions and misstated underground 
utility locations. 


"Change orders coded for design errors and omissions. 
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Ferm controls to stem the abuses criticized 
above are incorforated into NAVFAC directives. 
Preprocurement actions are carefully delineated in NAVFAC'S 
Contracting Manual (P-68) to assure comprehensive review o£ 
contract documents prior to award. The negotiation of 
change order prices requires an independent Government esti- 
mate to be used as the basis for determining a Teasonable 
settlenent. Customer-requested change orders must be 
limited to "in score" changes with the stipulation that 
“desirability of the change and the fact that funds may be 
available do not enter into determinations of scope" 
eet. 12: pe 7-3.1.]. Before the construction plans and 
Specificaticns are disseminated to prospective contractors, 
there are three stages of design review. The first two 
stages are reviews by NAVFAC managers to insure that designs 
and specifications are adequate for the intended ccnstruc- 
tion. The last of these 1S a customer review to ensure that 
a facility will meet the stated functional and mission 


requirements [Ref. 13: p. 6]. 


E. CCNIRACTOR PERSPECTIVE 
1. Bidding Strategy 


Contractors, over the long run, are forced to bid 
low enough to win, yet high enough to cover cost and make a 
Profit. Successful strategy then, as depicted in bid 
theory, is to bid at a rate above cost that will yield the 
greatest expected value, that is, the net of probability of 
winning multiplied by prozit margin. As profit margins are 
increased, the probability of winning is decreased. Asa 
contractcr successively increments his profit margin ina 
bid, he increases the probability that he will exceed the 
bid of one of his competitors--and therefore lose the award. 


Presumably, an optimal profit margin exists where the 
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corresponding. probakility.ct winning an Avan an তা 
greatest ex;ected profit [Ref. 14: pp. 488-490]. 


The comkeraekor‘s first prerequisite for making 
profits is to win a bid. Im the short run; a contra ror 
Le compelled tc use a low bid strategy that virtually 
assures his chances cf winning. The amount of his winning 
bid can seem guite illogical to other competitors. A common 
cccurrence that has frustrated many contractors is that many 
or the bids submitted on all types of projects appear to be 
below reascnable ccsts. In one particular observance, 
nearly 80 percent of the bids on ail major jobs were at less 
than the engineer's estimate,® some even at less tnan half 
the engineer's estimate [Ref. 15: p. 127]. In Government 
contracting, the mandatory independent estimate of project 
costs is an average cost only. In contrast, bids oi Tas 
firms on contracts represent opportunity costs for their 
resources. Each rival firm has the option to choose those 
contracts that are tbe most advantageous to them in terns of 
their special qualifications. These low bids are indicative 
of marginal costs: A Government estimate cannot be 
contracter specific, that is, representing tne cost of 
performing a particular project or job for one specific firn 
[Ref. 16: p. 244]. 


It is advantageous for the contractor to consider 

the following in choosing a job so that he will have a 
likely chance of winning: 

a. Size. Usually the larger the job, the fewer will be 

the number of ccmpetitors. This increases the zrcb- 

ability os wanna ns, Adversely, the larger the esti- 


mate, the greater the risk that the estimate will be 


å 


8The independent estimate made by the architect-engineer 
as an agent Of the cwner. For Sovernment contracting the 
parallel is the Government estimate. 
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IneeGura tic. Mier: CCHSEENETTON projects tend to 
involve more unconventional construction methods anda 
have many interrelated activities. Estimatcrs are 
more prone to errors and oversights in determining the 
costs for these methods or activities. Smalier jobs 
pay be noréayattractivestoucountractors as they can be 
UNEN? cua datiuon form imvaltable .contacts.and reputation 
fom later, more profitable eventualities--a form of 
advertising. 

Care and attention required. A smaller organization 
may te more successful in performing work on a joo 
that requires mcre attention to detail than could be 
provided by a large, hiyh-overhead company. 

Profit advantage. Several jobs concentrated in cne 
iocality offer inherent advantages. Economies of 
scale can be realized for labor, materials, and super- 
Vision. Improved labor relations ¿and productivity, 
price discounts for bulk purchases, and improved 
time-saving and coverage of supervision and management 
result. 

Continuity of employment. Steady employees earn their 
pay more productively. Once tne maximum yearly 
(ən I ros taon toc the Social Security tax (FICA) has 
teen made by the contractor, the balance stays with 
Paco tractor as a distinct accrual to his job 
return. 

Labor conditions. Jurisdictional disputes may involve 
a contractor's workforce and result in wage increases. 
EUPcoOnDntracting-.- The reaction and bid of the sutccn- 
em tor can be “important. If the contractor can be 
assured of obtaining low subbids from reliable sutccn- 
tractors, he will have a good chance of getting prof- 


itable vork. 


ge Financial solvency. The competitive edge may be 
determined by the ability to finance construction 
between progress payments, procure construction and 
payment bonds, and take advantage of trade discounts 
for prompt payment. 

h. Competition. The greater the number of competitors, 
the lower the contract price must be to win the award. 


A decrease in price below a certain point makes oppor- 


tunities elsewhere more favorable. [Ref. 17: Pp- 
81-86 ] 
i. Seasonal considerations. Some contractors disregard 


overhead and equipment costs and bid low upon reaching 
a certain volume of work during an operating year. 

je Desperation. When a contractor is in a Terz 
position where money is urgently needed to pay bilis, 
any source, includangajobsyat al fossi can prolom 
survival in business [Ref. 15: pe... 187= 1809. When 
faced with a choice of giving up his capital to av om 
going deeply into debt, a contractor will assume a 
great amount cf risk just to stay in business. 
[Ref. 18: p. 154] | 


There is an intuitive reason to Suspect that a 
winning Lid is occasionally submitted by a poorly-informed, 
irresponsible bidder. The poorly-informed bidder cannot 
expect tc make a positive profit since his bid must undercut 
an amcunt very close to the project's "true value" in crder 
to win. The "true value" is a theoretical estimate of what 


the project should cost, after all biases for misjudgment of 


COSTS» unreasonable contingency amounts, and greed are 
removed. The poorly-informed bidder, in order to make any 
profit aaa must bid within a very narrow interval 


betweeen this "true value" and the maximum-informed ktidder's 


amount. ‘More likely, his winning bid will be below the 


p 


MG Value." TRENEN phencmenan" 15 referred to as the 
"svinner's curse;" the individual to whom a contract is 
awarded tends to be the one who most underestimated the true 
value of the work [Ref. 19: p. 25537. Ti pagher-r-risk 
contracts, the Government might award the contract to a 
contractcr of questionable financial stability, tut who 
cannot be classed as irresponsible.? Reputable contractors 
would avcid such high-risk, lump-sum contracts, because they 
would expect to be underbid by contractors who fail to see 


risk cr who desire such risk [Ref. 18: p. 154). 


Au comMEuCtcrsMmust face risk. Risk includes all 
exposures tc loss brought about by nature, organizational 
shortccmings or outside influences. Some of these are: (1) 
weather, (2) unexpected job conditions, (3) personnel rob- : 
lens, (4) delays in material deliveries, (5) labor strikes, 
(6) fauity materials, (7) faulty workmansnip, (8) operating 
EIroblems (additional expenditures for increased Supervisicn, 
damage to equipment through overloading or poor mainte- 


nance), and (9) natural disaster. 


Successful bidding strategy would seem to involve a 
careful synergism between assumption or risk and assessment 
of competition. A  misjudgment cf the former is likely to 
result ina disasterous financial conseguence. Misjudgment 


of the latter will likely result in loss of tne award. 
2. Measuring the Intensity of Competition 


A sharp increase in ccnstruction industry unenploy- 
ment occurred in the spring of 1980 (see Figure 2.2). The 
industry recession prompted contractors to be much more 
competitive as demcnstrated by contractor practices in 


soliciting business cn a national rather than strictly local 


97Tf considered a "responsible" bidder, a contr or 
mit lee to award provide he = also a re Sponsive ile 


2:3 


scale, bidding on new types of work, and Padrig “more 
projects. Officers of several reputable Zirns Farmec a um 
in order to win, profit margins in bid estimates had to be 
cut between 25 and 50 percent. [Ref. 20: p. 70] 
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Figure 2.2 Construction Unemployment Fiscal Years 77-82. 


Ihe level of competition for a particular Contract 
can be measured in at least three ways. First, the spread, 
cr difference between the low bid and the second low bid, 
Measures the amount cf money "left on the table" and indi- 
cates how much higher tne low bidder could have been and 
still taken the award. As the number of bidders increases, 
the percentage spread decreases [Ref. 21: p. 1382]. Second, 
the ratio of the winning bid to the Government estimate can 
Le used. -A ratio near one would indicate firms bidding near 


average costs while a lower ratio would indicate more 
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competitive opportunity costs (Ref. 16: p. 214]. The tnird 
measure, the expected number of bidders, can te appiled 
where it is necessary to decrement one's markup margin (in 
crder to win) aS more competitors respond to the invitation 
momerads [ Ref. 16: p. 213]. 


The spread can be normalized for contracts of 
varying sizes by expressing it as a percentage of difference 
Letween the lowest and second lowest bids. ine 
Lid-to-Gcvernment estimate ratio is already normalized and 
the number of bidders does not appear to be significantly 


related to the size ci a contract. [Ref. 16: p. 217] 


An analysis conducted for a large general contractor 
iilustrates that winning bids are based cn opportunity 
costs. Over a two year period, 35 percent of all competi- 
tors' kids were below this  ccntractor's estimated direct 
EE of pocket" costs of performing the work. TUIS 
contractcr was still able to compete successfully ancng 
cther reputable firms, and his estimates closely reflectea 
his actual costs of operation. Mo thirds of all bids 
submitted by his competitors fell between 91 and 120 percent 
air kis direct, job cost. To be assured a 50 percent prob- 
ability of winniry each award, the contractor would have had 
to bid Lelcw construction cost, or at a negative Dror tae 
mer. 158 pp. 1727-128] 


3. Contractor Dislikes for Change Orders 


Many contractors contend that change orders are 
unprcfitable [ Ref. 22: pa 314]. They complain that tkey 
require yreat effort to price and then take consideratle 
tine to get approved and processed [Ref. 23: p. 8]. Ihe 
implementation of changes results in a dilution of top 
Supervision on original contract work. Too much time of key 
individuals is spent arranging for changes and pricing and 
negotiating them [Ref. 9: p. 46). 
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This sentiment may partially explain why complaints 
arise frcm the Government that chanye orders are priced too 
highly by centractones The contractor attempts to accoumk 
for unknown costs which he fears may occur, while Government 
estimators may have an unrealistic understanding of actual 
costs involved in certain operations, particularly the low 
productivity of direct labor as a result of changes, delays, 
and uncertainties [Ref. 9: p. 47]. Those contractors averse 
to change orders shculd be logically in favor of ccntracts 
that limit the amount of damages entitled to the contractor, 
some contract administrators argue [Ref. 24: pp. 97-3008 
If the Government is lenient in permitting compensaticn to 
contractors for disputed matters where liability is gues- 
tionatle, then disreputable ccntractors will benefit. The 
disreputable contractor, who relies on these compensations, 
will underbid honest contractors. Limitation of liabriıe 
clauses in a contract would stem the practice of bidding low 
and seeking to recoup losses at a later date .[Ref. 2% 
PERS Ou 


The additional financial burden of performing change 
orders may be unaffordable to the contractor who is ina low 
cash positicn. The contractor also must deal frequently 
with "constructive"10 change orders, which are informal tut 
have the effect of ercding profits. A contractor may incur 
losses on a contract unknowingly, suspecting that there are 
deficiencies in his accounting system. The real protlem may 
be unidentified constructive change orders [Ref. 25: pp. 
SEO s 


10An oral or written act or omission by the Contract 1n 
Officer or cther authcrized Government official which is o 
such a nature that it is construed or inferred to have the 
same effect as a fcrmal written change order under the 
"Changes" clause. 


Z'6 


I si Preierences Lor’Change Orders 


Since the Government reserves the right to issue 
MAN ESGOpE'" Changes to the provisions of a contract, the 
contractor is within his rights to demand eguitable adjust- 
ments for additional costs anticipated in associated extra 
work. If a change reduces the amount of work under 
contract, the Government, too, is usually entitled to 
01022725707 through a reduction of contract price. U. S. 
Navy contracts ordinarily permit a limit of six percent 
profit for changes negotiated pursuant to the "Changes" 
clause [Ref. 12: p. 7.3.4]. The claim that Government esti- 
Mators of change order prices have been too reliant upon 
contractor estimates during negotiations [ Ref. 11: p. 28], 
raises the question whether this profit limit has been 
frequently circumvented. Furthermore, the profit that might 
have keen realized through tnese changes may have been of 
Surficient amount to improve many contractors! faltering 


financial positions. 


Ihe practice cf trying to obtain a contract award by 
knowingly offering a price less than anticipated costs, with 
the expectation of increasing the price during performance 
through change orders, 1S referred to as "buying in." This 
is generally deemed to be irrational bidding behavicr for 
contractcrs, except for large, multibillion-dollar firms 
that depend upon traditional growth in defense "state of the 
art" programs (Ref. 1: pe 106]. Bie my ingen’ may mot 
seem so irrational if viewed as a two-part Strategy. Behind 
the low bid could be a "bail-out," or contingent escape 
strategy. A "bailout" is a loophole which aliows the bidder 
to recoup losses. The "bail-out" can even be perpetrated 
witn the help of the Government by accepting whatever the 
contractor can deliver, even if it is a ০2-55-১0৮2 


dard product. After ail, it is reasoned, the public 
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disclosure that a very low bid has been accepted could be 
ultimately embarrassing to Government officials. Either a 
deductive change order or termination of “Contract, s 
would have the erfect of minimizing the contractor's losses, 
could be a satisfactory compromise for both parties 
[Ref. 26: pp. 84-877. 


C. THE QUEST FOR PROFIT THROUGH CHANGE ORDERS 


The potential to profit fron any change order depends 
upon many factors. Among the most prominent of these is the 
type of change order. The Defense Audit Service, in a 1982 
audit (Ref. 11: p. $8], attributed 73 percent of DOD change 
orders tc three causes. Slightly over half of the Change 
orders they found were due to deficiencies in designs and 
specifications; ten percent resulted because specificaticns 
and designs had not been completed before the tasic 
contracts were awarded; and about elever percent of the 
change orders were the result of user recuests for changes. 
Value engineering changes were not cited as a significant 
cause of change orders, but they are very attractive for 


enhancing contractor Lrofltabl Lit 
i. Customer Requests 


it is difficult to predict customer-requested change 
orders since they are implemented  eitner in response to 
unpredicted changes in mission requirements, or in as a 
result of inadequate planning. They can be generated as a 
real facility need or as a compromise or exchange for 
facility features nc longer required. It has been an 
inplicit policy of NAVFAC to accomodate the customer's 
desires for such changes [Ref. 11: Pe 191% If the 
contractor is bound by a set of explicit specifications and 


drawings, the custoner-requested change order may be one of 
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tne final avenues for opportunity profits. [nwENnecicator of 
contractor motive here would be seen by suggestions for 
changes made by the contractor directly to the facility 


user. 
2. Ambiguities of Contract Documents 


Ihe most overt evidence of contractor motive to 
kenefit through change orders has been seen in the litiga- 
tion of disputes over contract documents. Considerable 
legal precedent in establishing the conditions through which 
a contractor may benefit from contract ambiguities has 
evolved in the courts. A number of landmark cases clearly 
shows that koth Government and contractor parties cannot use 
unilateral interpretations of contract languay to benefit 
at the expense of each other. Since the majorıty of change 
crders are caused by mistakes in the preparation of contract 
documents, this is tke most fertile ground for seeking extra 
compensation. Ordinarily the contractor relies on the 
implied suitability cf Government plans and specificaticns 
for their intended use [Ref. 27: p. 1076]. BUA contrac. 
tor's interpretation of contract language may differ fron 
that cf the Government's due to some degree of ambiguity 
caused Ly imperfect wording, conflicting statements or 
depictions, or connotated meanings. The legal system has 
tested many cases involving contract ambiguities and has, 
as a result, produced two counterbalancing, risk allocation 
principles: the rule of contra proferentum, which adopts 
the interpretation that favors them non=drafting party 
lgomimactos ande も し も hearule ob premcomtract „clarificaticn, 
which deries adoption of a contractor's interpretation when 
he pas failed to request clarification of an ambiguity of 
which he knew or should have known [Ref. 27: pp. 993-994). 
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a. Legal Precedent Favoring tne Contractor 


Courts have generally been Sympathetic to 
contractors when inaccurate or incomplete information in Lid 
packages result in unexpected costs. In Peter Kiewit Sons" 
Company v. United States, 109 Ct. Cl. 390 (047) 73 the Cove. 


of Claims held: 


Where cne of the parties to a contract draws the docu- 
nent and uses therein language which 15 pno o pn t ES 
more than one meaning, and the intention of the parties 
does nct otherwise appear, that meaning will be given 
the document which is more favorable to the party who 
did not draw it. Ihis rule is especially applicable to 
Government contracts when the contractor has nothing to 
Say as to its provislons. "Deer: 6: "pps? 


In WPC Enterprises, Inc. vw. United States, 163 
ec Cl. 3237 r.20 Ga 4 (Cm, and Blount Brother 


Construction Co. v. United States, 171 Ct. Cl. 478, 346 F.2d 
S62 (1965), the Courts ruled that where an ambiguity was 
"Subtle, not blatant" and where the contractor is genuinely 
misled and not deliberately seeking to profit from a recog- 
nized error by the Government, reiief is entitled to the 
non-drafiter [Ref. 28: p. 1524 Furthermore, in Ghclscn, 
Byars and Holnes Construction Co. v. United States, 173 Ct. 
Cl. 374, 351 F.2d 987 (1965), the Court ruled that there is 
no duty to seek clarification where a contractor innocently 
construes a subtle ambiguity in his favor. EqualJly impose 
tant, if clarification is not provided to an ambigue 
sought by a contractor, the Government will be held to have 
waived its right to ccmplain of the interpretation placed on 
the contract by the ccntracto@m [| ReE. 29: “pp. eee に 


Under the rule of pre-contract clarification, 
the contractor is obligated to inquire about major patent 


discrepancies, obvious omissions or drastic conflict in 
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prouaeions. Ina case where the distinction between a 
patent and latent ambiguity was an issue, the Board of 
Contract Appeals in Worsham Construction Co.,  Inc., v. 
United States, GSBCA 5469, rerused the Government invocation 
of the "patent ambiguity" rule as a means of preventing 
centr aet or recovery fer a defective Specaiicaticn. 


E. Legal Precedent Favoring the Government 


BHMIIMescropres-contract clarification is a rule 
ot fair dealing which protects the Government from a 
contractor who intentionally submits a low bid with the goal 
C Jaring ambiguities during contract performance to 
obtain price increases. In Beacon Construction Co. V. 
Mwn States, 161 Ct. Cl. 1, 31% F.2d 501 (1963), the 
contractor failed to notify the Government of an ambiguity 
amd interpreted the contract in its own favor. The 
contractcr sought tc recover expenses after performing the 
work where the contract language was vague. The Court 
denied relief to the contractor, holding that such a clain 
was made without pretest and in absence of direction fron 
EE MEOVEFNWEN: — [RE£. 6: p. 234]. 25279591711 In 
contract documents exists and is known to the contractor, 
relief will be denied tne contractor when he assumes the ` 
right to disregard the affected portions and apply his cwn 
renedy. The Court stated in S.0.G. of Arkansas v. United 
Ec. 212 Ct. CI. 125, 19 G.C. (1976), that this acticn is 
taken to avoid  post-award disputes of the type which arose 
here by encouraging ccntractors to seek clarification before 
anyone is legally bound [Ref. 31: pp. 3-4). 


Ihe pre-ccntract clarification rule also applies 
to circumstances where a reascnable or experienced bidder 


Should ke capable of recognizing a patent or glaring 
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discrepancy. In Wickham Contracting Co. v. United States, 
220 Cl. 3159 916. চা ০2255 (19 6) a contacto: 
Submitted a kid based on an erroneous drawing scale. The 
court ruled that the use of the erroneous scale was so 
unusual that it created a patent discrepancy [Ref. 27: EBE 
1074-1078]. Similiatly, ined. We satesoneCo-, Ima E 
United States, GSBCA 1221; TRE M. Hollingshead Ccrr ABB 
United States, 124 Ct. Cl. 681, 683, 111 =. Supp: 20 wen 


jE EE Q“ Qs sss > Saas জন E 


(1953); and others, the Courts generally agreed that: 


An experienced. contractor cannot we ly on. gevernmesns 
prepared specifications where on he basis of the 
overnment furnished data, he knows or should have kncwr 
hat the ` nee Specifications couid not produc o 1M 
desired result for '. - œ he has no right to make a 
৪১০৭6৯1৮453 and charge the customer for it." [Ref. 27: 


D < 


c. Misrepresentation 


A contractor might receive relief or avoid the 
commitment to a contract if he is misled by a false repre- 
sentation or nondisclosure of terms in the bidding package. 
Although such action is usually not indicative of a contrac- 
tor's motive to gain through changes to a con eae 156 
provides recourse for a low bidder to escape an unprofitable 
dilemma. A Contracting Officer must be careful that he is 
rot on constructive notice of an error where a mistake in 
bid is aileged after award of contract. If a low bid is 
Significantly lower than other competing bids or the 
Government estimate, the ccntractor may avoid commitment to 
the terms of the contract ordinarily established under the 


firm bid rule!! if be can demonstrate that the Contracting 


|.  !1Under the firm bid rule in Government contracting, the 
bidder cannot, in the absence of special circumstance 
withdraw or revise a bid at the time of bid opening. 


ET 


Magi sen “had "constructive knowledge" of |a mistaken bid. 
Mera 2: pp. 152-153) 


3. Value Engineering 


Value Engineering changes are unigue in that they 
tend to raintain the essential function of a facility while 
creating ccst savings for both the Government and the 
contractor. Provided that a facility's "essential function" 
is retained intact, a Value Engineering change will deflate 
the change order rate and increase contractor profitability. 
In fixed-price NAVFAC contracts, the contractor's share of 
Savings is determined by subtracting Government costs 
(resulting from developing and implementing the change) fror 
contract savings and multiplying the result by 55 percent. 
Ihe Value Engineering provision is applicable to contract 
prices of $100,000 cr more [Ref. 33]. Obviously it is an 
attractive alternative to consider for the change-minded 


montractor. 


D. GENERAL HYPOTHESIS 


It has been stated that contractors are compelled in 
competitive situations to bid very close to their expected 
posts cf construction. They are motivated in some cases to 
win as a preferable alternative to having no business at 
all, even if it means operating at a loss. Winners of 
competitively-bid contracts are either tnose who enjoy the 
relative advantages of economies of scale or proprietary 
properties, or are willing risk-takers. Risk-takers are 
those who accept the probability of setbacks in the course 
Of GORSTEUC LON. More likely they probably believe that 
they can recoup profits later. Although there are many 
reasons that a prudent contractor would chose tc avcid 


change orders, they are nonetheless inevitable. It is the 
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premise of this paper that there is a link between the cost 
of change crders to a contract and the degree of conpeti- 
tiveness under which that contract was bid. Asm bidding 
competition increases, those Lidders who are more amenatle 
to the risk of seemingly unprofitable ventures and are 
wiliing to gamble on chanye order dynamics displace the more 


conservative and reputable contractors. 


The contractor can use a number of different change 
order tyres to his benefit. Among these are  customer- 
requested changes, changes to correct mistaxes and anbigui- 
ties in contract documents, changes to account for differing 
site conditions, and Value Engineering changes. Value 
Engineering changes have been shown to be a relatively small 
propcrticn of federal construction contract administra 
eifort. I£ these ccntractors as described are typically 
successful ridders, then higher change order rates among 
contracts that are kid under strong competitive conditions 
should be systematically evident. Empirical data will 


used in a model to test the following conclusions: 


e A direct relaticnship exists between change order rate 


and degree of competition--measured by number ja 
ridders, the "spread," bid/Government estimate ratio, 
bid/mean bid ratic, and deviation of winning bid from 


mean bid. 


^ 


e Relationships exist among various classifications of 
construction contract change order rates according to: 
(1) timing of the contract award, (2) contract size, (3) 
geographical area, (4) type of facility, ands 


ccnstruction industry unemployment rate. 
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IT To METHODOLOGY 


A. DEVELOPING THE DATABASE 


1. General 


The data for the research were collected at the 
Western Division, Naval Facilities Engineering Command, San 
wunne, California (RESTDIV). Gu) con tCrúcgtrion contracts 
that were f£formally-advertised and fixed-price are included 
or analysis. These contracts were WESTDIV administered-- 
that 1s, advertised and awarded through WESTDIV or its 
authorized agents at WESTDIV-designated geographical loca- 
tions. Therefore, construction contracts awarded Ly local 
Officers-in-Charge cf Construction (OICC's) of more limited 
contracting authority at 20 remote "field" offices are not 


included.!2 The data were extracted from two sources: 


e The Construction Management System (CMS), a subsysten 
ccrtained in the AMALGAMAN/Integrated Disbursing and 
Accounting Data Fase Master maintained by the Naval 
WacılıtıeseSuppert Office (FACSO). The information 
PecovideGuewacrcxthactead from the "CMS system for the 
author. The data were transcribed from computer print- 
outs into the statistical computer program to be used 


for the analysis ir this chapter. 


b Q o o o o O ee A ee ee 


leNavy Civil Engineer Sous officers assigned as Public 
Works Officers at Naval. activities usually are assigned 
concurrently (dual authorities are vested in One person as 
med OTCE'TS. As a field OICC, contractin authority is 
more limited than that of the Commander of the a 
EL Ld Division (NESTDIV). Since field OICC contract bidding 
data are maintained locally at these remote offices ana 
their collection was considered infeasible within the time 
constraint for research, they are excluded from analysis. 
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e Completed Scales of “Bata Otrersmsror COTSTIT'UCUtYON 
Centracts (12ND WESTDIV Form 4330/24) maintained by the 
Head, New Procurement Branch (Code 021) of the 
Acquisition Department. This information was provided 
by hardcopy listings of individual contract Government 


estimate and bid-opening results. 


2. Data Set Definition 


SE u u je men mu e EEE SEE CED EE A SSE A sss 


The model for analysis is established within the 


following consideraticns: 


e Availability of bidding information. 

e Recentness of infcrmation. 

e Consistency in management policies concerning contract 
administration. 

e Completion (closecut) of contract. 

e U.S. Navy funding sources (appropriated and non- 


appropriated) only. 


Ihe major restriction for data analysis is imposed 
Ey availability of bidding INS. Although MM 
affords the opportunity to review award amounts and change 
order information for contracts of all appropriation sources 
and Engineering Field Divisions of NAVFAC, the extracticn of 
information for bidding data and government estinmates!3 is 
cumbersome. Accordingly, only WESTDIV contracts awarded 
from Fiscal Year 1978 to the present have been included.1* 
This does afford relative currency of information. Fiscal 


Year 1983 data is excluded, however, due to (1) the small 


or contracts are available in 
another subsystem of the AMALGAMAN Data Base, but they are 
not tailcred as necessary to reflect the actual estimate for 
the base bid plus or minus the additive or deductive kid 
items that actually might have been awarded. 


14Scales of Bid Cffers. are maintained at WESTDIV for six 
years until disposal. Coincidentally, data Zor conplezz 
contracts were implemented into CH at the approximan 
starting point for this same period (1977). 


13Government estinates : 
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ENNAN FENET COmieted contracts available and (2) revision 
EMISIHDV FoO11Cn@eS in (a) lo Loading" many Contracts to 
field OICC's (WESTDIV was authorized increases in manpower 
levels for field offices, so many contracts, especially 
CMN-funded, were delegated in 1983 to OiCC's to administer), 
(b) accelerating the execution of WESTDiV contracts award 
phase and (c) encouraging other forms of modificaticns to 
contracts, such as Supplemental Agreements. Items (b) and 
(C) above were internalized in Fiscal Year 1983  WESTDIV 


management objective plans. 


All considered contracts must have been "closed out" 
cr completed, so that the change order rate is reflected as 
a final, static figure, rather than a dynamic one as under a 
Bontract-in-progress. This constraint ls imposed so that 
all influences of contract price expansion during the lire 


cycle of the contracts have matured. 


Funding scurces are limited to Military 


Construction, Navy (NCON) and Non-Appropriated Funds (NAF) 


contracts in excess of S200 UU, and Operations and 
Maintenance, Navy (OMN) contracts in excess of $2500. This 
Constraint is arbitrary. The intent is to view the inci- 


dence cf construction change orders unđer one service branch 
(Navy), so that as much consistency in the attitudes and 
policies of making change orders could be ensured. JENES 
would avcid any possible biases by NAVFAC managers. The 
$200,000 flcor on MCCN and NAF contracts reduces the size of 
this study's data base to a workable!5 number and eliminates 


many mixed-funding source contracts.19 These contracts 


1SInitially it was estimated that inclusion cf many 
smaller MCON contracts would overload the dE capacity 
of the MINITAB computing system used for statistical anal- 
ysis. 


16Many construction contracts are funded by ‘a mix cf 
more than cne source-- for example, MCON and OMN dollars are 
commonly used under one contract for building alterations 


5) f/ 


represent a relatively small proportion of the total amount 
of MCCN and OMN funds administered by NAVFAC and therefore 
should net significantly bias the results of analysis. 


3. Refining;i the Data 


এ ES ea ‘E mE “mamam জজ এল 


The data considered within the above constraints 
possess a number of clear outliers that, if included in the 
analysis, would distort overall values for change crder 
pricing and bid averages. The following types of WESTDIV 
contracts are further excluded: 


e Contracts terminated early, where tne majority of 
construction dcliars are not consumed or "in place 
Otherwise the change order rate would appear as a large 
deductive (negative) one. À small number of contracts 
are terminated fcr convenience of the Government if the 
facility or some of its features are no longer required. 
A contract may also be terminated for default when the 
contractor fails to make Satisfactory progress in 
construction or breaches the terms of the contract. 

e Contracts for which costs listed in CMS do not accourt 
for the majority of tke award amount. Presumably, ctker 
phases of construction had not yet been reported as 
completed or consisted of work funded under a separate, 
unreported source. | 


e Construction contracts for Adak, Alaska, under WESTDIV's 


Geguizances these contracts suffer from restrictive 
ccmpetition and unique logistics at an isolated 
recat i ome 


A total of 473 completed “CON, NAF, and CM 
construction contracts awarded from October 1977 through 


September 1982 were listed on the CMS printouts as of 15 


(MCON) and repairs (CKN) when the construction features for 
each fundirg Source are clearly separated. 
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1984. 


stated akove. 


February 


Of these 47 


Barmer 126 contracts 


were deleted ior 


wor Pascal 


the reasons 
Years 1980 


and 1$81 were excluded because their corresponding Scales of 


Bids were not availatle. 


analysis. Table 


contracts. 


I 


There 


Summarizes the 


TABLE I 


remained 300 contracts 


un St EDE Ion ET 


POL 


tnese 


Summary of Distribution for Database Contracts 


SCAL NUMBER CE OTAL DOLLAR A4 
EAT CONTRACTS Tin SIUUD) ^ 

CMN MCON NAF OMN NEON NAF 
1978 6 43 4 $ 868 72111 2453 
1979 28 76 6 6295 142980 5008 
1980 14 14 2 5741 31817 688 
198 1 1 12 2 255 17645 569 
1982 60 28 4 14932 30279 1713 
TOTAL 109 173 18 28091 294832 10431 

4. Summarization and Assunptions 


$ 75432 
154283 
20246 
15469 
45 924 


$9325 354 


Appendix A describes the variables provided for each 


WESTDIV contract 
the Scales cf Bids. 


by the Construction Management 


Appendix B tabulates these d 


39 


System and 


ata. 


a.  Assumpticns 


(1) Geographical Categorization.. To isolate 
the effects of geographical differences in climate, econony, 
employment rate, and cther factors, the contracts are clas- 
sified among eight general categories. Four of these 
pertain to major U. S. Naval activity concentrations, while 
the cther four are classified as "rural" areas in the 
outlying vicinity of these concentrations. Generally these 
"rural" activities lie more than 50 miles or convenient 
commutiny distance from San Diego, Los Angeles, San 
Francisco or SeattleyEremerton. 

(2) Number of Bids. It is apparent that scme 
bids appearing on the Scales of Bids were disproportionately 
high as compared to either other competitors or the 
Government estimate. These bids would only distort values 
(such as standard deviatiom and mean bid) calculated LL. 
analysis [Ref. 2: ED. USE These are considered 
nonserious cr "noise" bids and are typically excluded in 
studies of auctions and bidding models [Ref. 19: p- IE 
An appropriate algorithm for identifying these bids depends 
upon the model, and there appears to be no definite rule for 
determining then. Therefore, any bid greater than 150 
percent of the competitive mean bid was arbitrarily consid- 
ered a "noise" bid by the author and was extracted. ' This 
adjustment was made to 54 bids on 43 contracts. It was 
cbserved that some bidders consistently submitted "noise" 
bids Common reasons for unreasonably high bid prices may 
fall into one or more of the following categories [Ref. 34: 
p. হা 


e Cceplementary bidding. The bidder is not interested in 
performing the subject work, yet does not want to be 
otherwise prevented from bidding on future projects or 


to be deleted frcm future Bidder's Lists. The proposed 
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PEicew row = INitlateca to aq range that will prevent likely 
award. 

e Bidder error. Mistakes simply may be made when calcu- 
lating Lid prices. 

e Bidder misunderstanding of the scope of the work. 

e Perceived risk on the part of the bidder. Any number of 
factors may cause the bidder to perceive real or imagi- 
nary areas of risk and to raise his bid price toc prcvide 
for this risk. 

e The bidder may be quite uncertain about the proposed 
work, the Government's particular requirements of the 


Semutradctor, OF his ability to perform as expected. 


(3) Next Lowest Bidder's Price and Spread. 
The next lowest bidder's price and the spread are inciuded 
for analysis to examine any Significant relationships 
between change order rate and intensity of competition. 
Chapter II.P.2. cites the significance of these data in bid 
analysis. 

(4) The Number of Change Orders. The number 
per contract of dollar-valued change orders 1S analyzed to 
determine the effect it has on the change order rate. Some 
change crders are "no-cost" and do not directly affect the 
change order rate. Among the dollar-valued change orders 
Beemamounts either added to, or deducted from, the contract 
lce. This varialle is of no value for predictive 
purposes, it is noted, since it cannot be known at the time 
of 21d Opening. 

(5) Low Ffid/3ean Bid Deviation. The deviation 
of the low bid from the mean bid can be expressed as a 
neasure of the number of standard deviations  tnat lie 
Letween the low bid and mean bid on a given contract. Iie 
conveniently normalizes all contracts regardless of award 


amount. A comparatively high value here is an indication of 
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an unusually deviant tid. But the value of a standard devi- 
ation is diminished for very small population sizes, so this 
measure is used only cn contracts where there were at least 
four bidders. Analysis is focused on the determination oz 
any relationships between this value and the change crder 
rate. 

(6) "Eguivalent" Change "Order Zee A 
contract change order is frequently intended as a means of 
correcting a deficiency or mistake or making an "in score" 
change that is more accomodating to tne facility user. 
Frequently, a specific feature of a final facility after 
change orders is not that which was originally intended at 
the award of contract. In many cases, sone facility 
features are no longer needed or are substituted by an 
equivalent 'in-scope" alternative. These changes dc not 
alter the function cf the facility, but they do alter the 
contract price, and usually at a lower cost. Adding the 
amount of deductive change orders back into the contract 
price reflects more accurateiy what the contract would have 
cost if the original features were left intact. While this 
is not necessarily an accurate assumption for all deductive 
change order situaticns, it is believed to provide a more 
Conservative comparison of contracts in the context of 
"dollar's worth" GE ¢cnsesuaenon- Value engineering Change 
crders are not added kack into the contract price, because 
this kind of change order actually reduces the contract 
price without "impairing essential functions or characteris- 
tics." The basic criterion íor deducting the "equivalent" 
change crder, as contrasted with leaving the Value 
Engineering change order intact, is in tne consideration 
given to the Sovernment. In the "equivalent" change crder, 
the Government gets a reduction in the contract price, 
because it is buying something less in value than originally 


intended. 
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eine Dla 65716517505 Bid ratio. This 
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value, usually less than unity (unless there is  cnly one 
bidder), compares the relative difference between the 
winning tid and the competitive average. The "competitive 


average" excludes the winning bid in its computation and is 
assumed to te a more realistic approximation of a construc- 
Peon project's "true" or market price. Therefore, a low 
ratio would imply that a winning bid is priced far kelow 
expected costs, and is prone to being a "buy-in" or a roten- 
tally losing venture for the contractor. 
(8) Winning Bid to Government Estimate Ratio. 

The use of this ratic for analysis assumes that the indepen- 
dent Government estimate, also referred to as the "enyi- 
neer's estimate," is a fair price for tne contract. Ihe 
relationship of change order rates to this ratio is ancther 


focus of analysis. 
t. Research Iimitations 


The availability of Scales of Bids and a source 
for reliable Government estimates is clearly the most 
limiting factor cf this research. A reliable classification 
code for the type of construction performed under each 
contract was extremely limited. It is acknowledged that 
certain types of construction, such as placement of under- 
ground utilities, are inherently risky. Many projects 
involve an aggregation of various construction trade disci- 
plines, so it is difficult to make a single, inclusive clas- 
i Cation for a contract. NAVFAC Facility Category Codes 
[Refa 35] aré availakle in CMS for Military Construction 
contracts only. However, Facility Category Codes categorize 
contracte acserdaing,, to facility typerrather than construc- 
tion type. Table II summarizes the distribution of Military 
Construction contracts contained in the database according 


to Category Code. 
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TABLE YTI 
MCON Ccntracts by Category Code 


Facility Categcry Nunber of Contracts 
Cperational (excl. Waterfront) 21 
Waterfront 10 
Training | 19 
Mainterance 33 
Froducticn 1 
Supply 12 
Hospital, Medical and Dental 7 
Administration 8 
Unaccompanied Personnel Housing S 
Community 3 
Utilities and Ground Improvements 43 


Total Military Construction Contracts 
in Datatase TES 


C. Otner Data 


For informational purposes, Figures 2.2 ande 
show the trends in various measures of construction industry 
inflation and unemployment over Fiscal Years 1977 to 1982. 
This information is extracted from periodical issues of 
Engineering-News Record (ENR). 

(1) Construction Industry Inflation. Figure 
3.1 plots ENR's Construction Cost Index (CCI) Tor "these 
najor geographical areas pertinent to the database 
contracts. The CCI is a measure of the combined effect of 
wage and material price changes on the value of the 
constructicn dollar. The year 1967 was established as the 
base for an index value of 100. This index is computed 


monthly ky ENR for twenty major U.S. metropolitan areas. 
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(2) Unemployment kate. This rate is deter- 
Bene os Gnarceriy by ENR and is expressed as a national 
average; no geographical distinctions are made. 

(3) Small Business Set-Asides. NAVFAC 
requires that all construction procurement in excess of 
$2500 and under $1,000,000 shall be considered for Small 
Business Administration (SBA) set-asides [Ref. 12: bp 
Em». 13]. A small business set-aside is a procurenent that 
is eligikle only for award to an SBA-certified contractor. 
Set-asides were created to encourage more commerce among 
small, entreprenurial firms. Approximately 95 percent of 
the datakase contracts are set-asides. Tne awarding oz 


set-asides has drawn some ccncern: 


A dilemma to the Government posed by set-asides is that 
Mtoe Short run, prices may be higher and competition 
restricted as small businesses incur hijh start-up costs 
and are unable to take advantage o: economies of scale 
to lessen costs. In the long run, however, the set- 
aside PN enlarges the total number of contractcrs 
available to compete and it snould thereby contribute 
to lower contract kids. [Ref. 37: p. 21] 


B. ANALYTICAL COMPUTATIONS 


The data were compiled for analysis on the IBM 3033A? 


Computer at the Naval Postgraduate School, Monterey, 
@alafornia. The general purpose statistical computing 
systen, Minitab [Ref. 36], was used to perform varicus 


computational functicns for data organization and analysis. 


Tne functions included: 


° O l lG, rank-ordering, and recoding of data. 

e Mathematical calculations (averages, totals, standard 
deviations, etc.). 

e Histogram and plct construction. 

e Regression analysis. 


e Analysis of variance. 


45 





O m Zu Een in EEE Se ee. EBD 


These features of Minitab are useful in examining 
ranges of values, kEreaking data into cells for variance 
analysis, and isolating selected independent variables for 
more detailed analysis. Variance and regression analyses 
can be performed ccnvenientiy for selected geographical 
areas, time frames, dcliar ranges, facility types, and many 


Other desired CU Sel fications. 


2. Mathematical Calculations 


Minitab enakles simple calculations of averages, 
totals and standard deviations of various data diversifica- 
tions? Much of the summary data represented in this study 


are the result of these calculations. 


3. Histogram and PIot Con yu c t on 


This feature provides convenient display of data 
distrikutions. Figure 3.2 displays the skewed distributions 
of change order rates for the database contracts. Flots 
afford graphical displays cf of relationships among vans 
ables. They are used, if necessary, in analysis of regres- 
Sion residuals to check the validity of the assumpticns of 
normality and constant variance of the residuals. Plots are 
useful in visually displaying the degree of correlation 
ketween two variables. 


46 












umm w পরপর ওরা G ST —— “Tuma — der “m — GENS ENN n Se EN. G বা SS i s s a s G "m a w  — a w — e 





"TOSL-LLG6L 33923715225 “uotIleTIUI ATJZSNAPAUI UOTZINIJSUOJ Le 31n6TI 
LM শিস n Š O A UU UU US ru 
pio»ouy sM5N-5uriecoeurbug moiqij (IOO) sexepu[ 1592 19TIDATISUD) x 
78 Ad 13 Ad 08 AJ 6L AJ BL Ad 
Ap L E Ss pour II n ge — UI 
| | 
| 
| 
3177835 —— — — — | 
SOTIbUY 5071৯৩৬০৬৬৬ 
ODSTIUPBII UBS — — 1 002 
| | 
+ 0GZ | 
| | 
ee g + 002 
ও ৩৪ ৩.৭ লা 
| 095 | 
i. 4d 


47 


4. kegressicn Analysıs 


kegression analysis is a useful tool for determining 
relationships between a dependent variable and any number of 
independent variabies. The chanye order rate, as a depen- 
dent variable, is examined for any significant relationsnip 
toa number of independent variables, such as number of 


bidders, the "Spread," and bid-to-Government estimate ratio. 


5. Analysis of Variance 





Through the use of analysis of variance, significant 


differences among twc or more populations of data can te 


tested. A statistical investigation can be made inte the 
comparison of chance order rates, for example, among 
different classifications of geograpnical areas, award 


periods, and bid-estinate ratios. 


C. FINDINGS OF ANALYSIS 


1. Dependent Variables 


The objective of this analysis is to determine any 
Significant relationships through regression and variance 
analyses between change order rates and other variables 
available in the database. Two independent variables are 
Considered: the actual change order rate and the "equivas 
lent" change order rate--a refined figure witn the dampening 


effect of deductive change orders removed. 
2. Independent Variables 


The following are used as independent variables for 


regression analysis: 


e Number of Change Crders. 


e Number cf Bids. 
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Number of Standard Deviations Between the Low Bid and 
the Mean Bid. 

Winning Bid to Mean Bid Ratio. 

Winning Bid to Government Estimate Ratio. 

Percent Spread Between the Low Bid and the Next Lowest 
Bids 


Subpopulations of the following variables were used 


examining significant differences auony change order 


rates through variance analysis: 


Award Date Periods, by fiscal year and by WELSCH! 
quarter; 

Award Amount, in stepped ranges of various dollar amount 
intervals. 

Geographical Area, by each of the eight categories, and 
then into two categories--"metropolitan" versus "Lunada 
Funding source, in three eells--Military Constructioma 
Nen-appropriated Funds, and Operations and Maintenance. 
Number of Bids, in various cells ranging from ore to 24 
bids per contract. 

Winning Biä to Mean Bid Ratio, classified into 10 cells 


of approximate equal size: 


04.00. 2 09945 0.805 - 02391 

0. 70 la Os ve 0.91 t 0.93 

DEL 0 Ores - 035 

UR CoD US - 0E 

0. 85 x 0.88 0.97 la 1290. 
Winning Bid to Government Estimate Fatio, classified 
into ten cells fcr all 300 contracts; and seven ceils 
for the 173 MCON contracts: 

300 Contracts 11/3 HCON Contracts 

0,500: = 05255 02005-202530 

OTs Oph = Uae ৪০195848558 

0.76 - 0.84 0.90 - 037 

D. OM = 10590 0.97 - 1.03 

0. 9m — 202 1-03 - 1.10 

QS mm EU 19M —- 1220 

1203 হাত T20 plus. 

110 1 

1.15 — “1580 

1-30 plus 


0 


s I atern Classified into 13 cells representing 
approximate construction industry unemployment rates 
PH caso 19.0 to 183 percent over 20 quarters. 


3. Ereliminary Findings 





a. Change Order Rates 


The chance order rates for the data are shown in 
able III. These rates are higher than the WESTDIV stan- 


dards o£ six percent overall and five percent for Military 


TABLE III 
Change Order Rate Summary 


Average Change Actual Equivalent 
Order Rate (percent) 2 
MCON us OS 8.43 
CMN E53 8.41 
NAF 6.19 9:23 
OVERALL 762 SI 
Gamstruction contracts. The WESTDIV standards are predi- 
cated upcn the annual Work in Place, however, and do not 


account necessarily for all change orders to a given 
soit Tact. The figures above are representative cf a 
slightly different criterion, that is, the total change 
orders for each contract, including settlements tc claims 
that may have lingered over a substantial period of the 
contract life. WESTDIV has been more successful in control- 
ling the overall change order rate than it has the  MCON 
change order rate. The Command Management Plan standards 
mentioned in Chapter Ii are high. The change order rates in 
Table III, it is recalled, were adjusted to eliminate 
deviant values. To make a more fair comparison between the 


performances of CMP-Lased change order rates and the change 
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crder rates determined in this analysis, a number cf factors 
would have to be considered in crder to put them on an even 
plane. Such factors include the percentage of Work in Place 
contracts actually ccupleted, and the average incidence rate 


of change orders toward the end of the contract life. 
r. Number of Bids Affecting tae "Spread" 


Park [Ref. 15] asserts that the percentage 
spread decreases as the number of biiders increases. The 
evidence for this in this analysis is weak. The only 
significant!” difference in the spread is between the group 
cf 3 to 5 bidders and the group of 6 or more bidders. The 
mean spread for the group of 3 to 5 bidders in the data is 
13.2 percent, with a confidence interval between 10.1 and 
16.3 percent. The mean "spread" for the group of 6 or more 
ridders is6.9 percent, with a confidence interval tetween 
4.4 and 9.4 percent. These findings are based on only 169 
contract observations, as the "spread" was not calculated 


for contracts where there were three bidders or less. 


4. Findings of Regression Analysis 


A series of stepwise regressions were performed on 
each of the dependent variables against all considered inde- 
pendent variables. No single variable emerged with a corre- 
lation that was significant enough to explain the change 
order rate. The measure of the proportion of total varia- 
tion in a dependent variable that is explained by a regres- 
sion line is the coefficient of determination, or 
"r-squared" value.!89 Fach of the independent variables alone 


failed to yield a coefficient above 6.0 percent. Ihe best 


1"Based on a 95 percent confidence level. 
18The coefficient cf determination or "r-squared*" value 


can range from zero, which denotes no correlation, tc unma 
which represents perfect correlation. 
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fit found was a multiple regression of the bid-to-Government 
estimate ratio ard the number of change orders against the 
actual change order rate. Only an 8.2 percent coefficient 
existed here with "t" ratiosi? for the bid-to-Government 
estimate and number cf change orders equal to -4.64 and 2.87 
respectively. Since the values of the coefficients of 
deterrinaticn are so close to zero, the change order rate 
explained by the independent variables is insignificant. 
Subpopulations of geographical areas, funding 
sources and time frames failed to isolate any further data 
that could provide useful regressions. Piots of change 
order rates against each of the independent variabies indi- 
cated that little resemblance of a linear relationship 
existed in any case. Figure 3.3, the plot of actual change 
order rate versus bid-to-Government estimate ratio, demcn- 


strates this point. 
5. Eindinys of Variance Analysis 


In all analyses of variance, 95 percent confidence 
intervals for level means were assumed in hypothesis 
testing. One-way analyses of variance were perfcrmed for 
each of the two independent variables (actual and "equlva- 


lent" change order rates). 
a. Award Date Periods 


Iwo analyses of variance were performed: (1) by 
fiscal year and (2) Ly fiscal year quarter. If improvements 
have resulted in ccntrolling change order rates due to 
WESTDIV efforts, tken significant difrerences in change 
order rates should lie among the the five fiscal years. At 


least a significant difference between 1978 and 1982 should 


19A "t" ratjc should be at least plus or minus 2 to be 
considered significant enough for an independent variable to 
used in a regression equation. 
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Figure 3.3 Plot of Change Order Rate vs. Bid/Govt Est. 


exist. The hypothesis is that there has been significant 
improvement in reducing change order rates, and that it will 
te demonstrated by a change order rate confidence interval 
for 1982 that is below the iower limit of the confidence 
Interval ror. 197 


There is a common perception that contracts 
awarded in the fourth quarter tend to be "rushed" in the 
attempt to award before the end of the fiscal year and that 
the quality of specifications and drawings is therefcre 
Sacrificed. If this true, then a Significantly higher 
change order rate should be seen for awards made during the 


fourth quarter in Contrast tothe other cuatt cman Tuae 
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Mole sas) middle affirned if the lower limit of the tourth 
quarter chanje order rate confidence interval is greater 
than the upper confidence interval limits of the cther 


quarters. 


Analysis cf variance for both cases reveals that 
no significant differences in change order rates can be 
found between any of the fiscal years or fiscal year quar- 
ters. Therefore, no improvement in reducing the WESTDIV 
change crder rate cver the five years was observed. 
Althcugh there was no statistical difference in the change 
crder rates among the four quarters, it was interesting to 
note that the mean change order rate (both actual and 
Nequivalent") for contracts awarded during the fourth 


quarter was the lowest. 
E. Other Findings 


Analyses of variance for amounts of award, 
funding sources, paunber ogebadsye winning bid-to-mean rid 
ratios, Category Codes, and unemployment levels revealed no 
significant differences in change order rates among the 


various cells. 
C. Geographical Areas 


Among the eight described geoyraphical areas 
there were no Significant differences in change order rates 
between any two areas. An anaiysis of variance clearly 
shows that there is a Significant difference in the change 
order rate between construction contracts performed in 
"rural" areas and thcse performed in the "metropolitan" or 
high density areas. Rural areas incur lower change crder 
rates than do metropclitan areas. Figure 3.4 shows the 95 
percent confidence intervals for each of these twe cells. 


The upper limit of 7.1 percent for actual Change order rate 
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(based on a pooled standard deviation) for rural areas is 
exceeded by the metropolitan areas' lower limit of 7.3 
percent: 
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Figure 3.4 Variance Analysis for Geographical Areas. 


d. Winning Bid to Government Estimate Ratio 


The most Significant findings in the difference 
among change order rates are found in the varying ranges of 
thas ratio. Generally, it is found that change order rates 
tend to be high when the winning bid is proportionately 
lower than the Government estimate. Conversely; change 
Order rates are significantly lcwer where the winning bid is 
much greater than or very close to the Government estimate. 
Figure 3.5 shows the 95 percent confidence intervals for 


change order rates ancny the cell classifications deso r Emmi 
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Figure 3.5 Variance Analysis for Bid/Govt Estinate. 


mo Section C.2. of this chapter. There is a significant 
difference in change order rates for both the actual and 
"equivalent" change order rate between the ratio extremes. 
The difference is significant between contracts where the 
ratio is 84 percent and lower; and where the ratio is either 
119 percent and higher or between 97 and 103 percent. Enere 
the ratic is roughly fetween 3 and 16 percent on either side 
of the Gcvernnent estimate, no significant difference (ata 
$5 percent confidence level) in chanye order rates can be 


detected. One reason explaining why change order rates are 
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Significantly low where the winning bid is within three 
percent of the Government estimate could Le that these are 
considered "clean," risk-free jobs, and the work and costs 
involved are clearly discernatle by both the Government and 
the ccntractor estimators. 

This ratic may be of some use to the Contracting 
Officer in assessing the level of competition fcr a 
contract. If a contractor's bid is Significantiy Lower cham 
the Government estimate (approximately 15 percent), the 


likelihood cf high change order rates can be anticipated. 


D. SUMMARY OF ANALYSIS 


A datatase with recent construction contract information 
was developed so that the principies introduced in Chapter 
II could be challenged toria It was hecessary to 
make a number of refinements to the data so that varicus 
external influences such as nonserious bids, peculiar 
geographical characteristics, and terminated contracts tnat 
distort any general trends in change order rates could be 


eliminated. 


A general statistical program, Minitab, was used to 
calculate a number of analytical determinations. Chapter II 
introduced the notion of competition intensity as a variatie 
that affects the prcfrt 02507777570 contractors apply 3E 
bids. It is a general hypothesis of this thesis that as 
competition intensity increases, winning bidders tend to be 
contractcrs who are willing to assume greater risks than 
their rivals. They apply lean profit margins to their bids 
and expect change orders to ultimately improve their finan- 
Cial positrons: The measures of cCompetition intensity 
introduced in Chapter II, in addition to two measures intro- 
duced by the author, are applied in the database analysis to 


determine what conclusions can be drawn. Finally, the 


D 


incidence of change crders among varying classifications of 
geographical areas, time periods, price ranges, and unen- 


ployment rates was examined. 
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IV. SUMMARY AND CONCLUSIONS 


A. SUMMARY 


The excessive use of change orders in Government 
contracting has been alleged to be tne result of improper 
diligence and care by management. The cnange order, in its 
original conception, was intended to be a remedy fcr the 
imperfections of contract language and depictions’ so that 
Government and contractor parties could proceed in executing 
the ccntract to a smcoth end. Although change orders are 
intended primarily as a convenience for the Government so 
that "in-scope" modifications can be made to contract draw- 
ings and specifications, there is some evidence that the 
contractor has used chanye orders to his advantage. Ine 
intensity under which construction contracts are bid creates 
a highly ccmpetitive environment that demands a careful 
trade-off between a rational profit margin and a competitive 


price in order to win and stay in business. 


It has been suggested that the winners OE 
conpetitively-bid contracts are frequently contractor an 
fall intc several categories: (1) they enjoy the advantage 
of economies of scale over their rivals, (2) they are more 
willing to assume certain risks, and (3) they see the oppor- 
tunity te improve their financial positions, once the okjec- 
tive of winning the bid has been attained, by recouping 
losses through change orders. The limits that govern the 
extent tc which contractors and contractirg officers can use 
contract language to resolve issues of contract ambiguities 


in their favor have been defined through legal precedent. 
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SOME eN neones and "concepts of bidding strategy 
were applied to a model of representative construction 
comer act data to test cor their validities. Chapter IT 
introduced three ccnventional measures for intersity of 
competition that were applied in the analyses. Risk-takers 
and "buy-in" bidders presumably emerge as victors in the 
bidding game under ccnditions of intense competiticn. LOL 
this reason, the number of bidders on a contract, the spread 
Letween low bidder and next lowest bidder, and the 
bid-to-Gcvernment estimate ratio were used in regressicn and 
variance analyses to determine the validity of this state- 
ment. Iwo other measures were introduced by the author for 
use in analysis: the bid-to-mean bid ratio and the nunter 
of standard deviations of the low bidder from the mean pid. 
Chapter III considered a number of predictive variables that 
Might help to explain the conditions that affect change 
crder rates. 


It was necessary in the analysis to make several assunp- 
tions and refinements to the data. This was done so tnat 
the data could be analyzed without the influence of cutliers 


to distort any general trends. 


Be  CCNCIUSIONS 


Change orders do net appear to be influenced by any 
dominant variable or combination of variables. There are 
many miscellaneous factors, apparently randomly distrituted 
througnout the contract "administration process, E hat 
contribute to contract price growth. These factors include, 


but are not limited tc: 


e Contracting officer and contractor expertise and compe- 
tence. 
e Availability of ccnstruction materials and labor. 


e Architect-engineer competency. 
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© gee t Kay tòn business windfalis or failures A Et NEL 
Concurrent jobs. 


e Backlog of contracting officer paperwork. 


The results of analysis were conclusive. NO direc. 
relationship exists between the change order rate and any 
simple ccmbination of variables. The most.significant find- 
ings for the variables that were considered lie ir the 
change order rates amcng varying bid-to-Government estinate 
Patics and“geographical locations. Change order rates 
appear to te higher when the contractor bid is at least 15 
percent telcw the Government estimate. When the contractu 
tid is very close (within three percent) to the Government 
estimate, or when his bid is approximately twenty percent 
above the Government estimate, change order rates are 
Significantly lower. This information may be useful to the 
contracting officer in anticipating the magnitude of change 
orders for a contract, since it is information reum 


availarle at bid opening. 


There is a significantly lower change order rate ior 
construction contracts awarded for "rural" Naval activities 
than there is for ccntracts awarded in metropolitan areas, 
such as San Diego, Los Angeles, San Francisco and 
Seattle/Bremerton. The explanation for tnis is speculative, 
buit one may infer that "rural" contracts are "cleaner" or 
that the intense bidding competition in the metropolitan 


areas contributes to higher change order rates. 


A discovery incident to the aim of this thesis was that 
the change crder rate was remarkably similiar to the spread. 
CE the 169 contracts with 4 or more bidders, the actual 
change order rate mean was 7.91 percent with a standard 
deviation of 12.10. Ihe mean spread was 9.36 percent witha 


"standard deviation cf 13.06. These figures imply than 
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Statistically, for a 95 percent confidence level, there is 


no significant difference between the two. 


C. FUTURE RESEARCH 


The intent of this thesis was to identify variables that 
Significantly influence change order rates. Data was there- 
fore refined so that general trends could be examined. Cne 
obvious shcrtcoming in the analyses was in the consideration 
given for the type (structural, electrical, mechanical, 
earthwork, etc.) of construction and the effect it has on 
the change crder rate. Future research could explore this 
variable for significant relationships in change crder 


cccurrences. 


There is room for more study on the performance of goal 
Standards established in the NAVFAC Command Management Plan 
mee controlling change orders. Research could nct only 
determine how well the Engineering Field Divisions are 
performing under these standards, but it could identify 
where weaknesses exist. Such factors as geographical loca- 
tion, censtruction type, or type of facility may be selec- 
tively examined. 


The analysis of bid spreads could determine when a 
justifiatle move shculd be taken to cancel and rebid for 
contracts or when it is feasible to remain with a lew 03009] 
even if cther forms of contractiny (for example, negotiated 


fixed-price) seem desirable. 
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DESCRIPTION OF DATABAST VAR TASAS 


Column 2 
AWARI LATE 


Colunn 3 
AWARD AWCUNT 


Column 4 
GEOGRAPHY CODE 


Column 5 
NUMBER OF BIDS 


DATA GROUP 1 


The number assigned, by WESIDIV 

rior to the Invitation forbids 

6-digit number ), identifying 
tie contract: 


The date the contract was award- 
ed by WESTDIV to the contractons 
(Year-Month-Day) 


The amount of money originally 
awarded for a particular. pcrtidi 
of work identified by line iteü 
in the CM3.: 


The, location of constructo iL 
derived from the Unit Identimee 
cation Codes listed for ésa 
contract mnm the CNC: 


10 Metropolitan San Francisco 
area. 
1a Northern California/Nevada 


area, excl. San Francisco 
metropolitan area. 


20 Metropolitan Seattle/Bren- 
erton area. 

21 Washington/Oregon area ex- 
Cluding Seattle/Bremerton. 

30 Metropolitan Los Angeles 
area . 

3 Rural Los Angeles area, 
incl. Ventura Counts 

90 Metropolitan San Diego 
area. | l 

41 Rural San Diego area,  in- 


cuum og wPZOn a. 


The number of responsive and 
serious bids submitted py con- 
tractors in response to tn. mm 
vitation "tor Bards. 
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Column 6 
MEAN BID 


Column 7 
NUMBER OF CHANGE ORLEES 


The averaje amount bid for each 
contract, equal to: 


Sum of bid amounts per contract 





Number of bids per contract 


The number of dollar-valuec 
change orders to a contract. 
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Column 1 
GOVERNMENT ESTIMATE 


Column 2 
WINNING RID 


Column 4 
WINNING BID TO GOVERN- 
MENT EFSTIIMATE RATTO 


Column 5 
ACTUAL CHANCE 
ORDER RATE 

C 


olumn 6 
NEQUIVALENT" CHANGE 
RDEFR RATE 


— a 


= - DCO's + VECO's) 


DATA GROUP 2 


Tne independent estimate oí con- 
struction made by the Government 
for work corresponding to the 
base bid and bid additives act- 
ually awarded. 


The PEE bid for the contract 
ah the contractor incilusive yan 
all work segments and funding 
sources. 


The ratio of the winning Did to 
the mean of bids for a ccntr 


Values close to unity indicate 
relative closeness of thé wan 
hing bid to the competition 


average. 


The ratio of tke winning Lid to 
the Government Estimate. Values 
above unity indicate a winnin 
bid that exceeds the Governnmen 
ES Ut93matwe. 


The actual change order rate ac- 
counting for both additive ann 
deductive change orders, ex 
pressed as a percentage: 


= 1), 100 


adjusted 


Final contract price 


Original award amount 


The change order rate 
to dilute the effect of deduct- 
ive change orders, and to ac- 
count for the difference in the 
final product from tne origii mm 


equal to: 
— 1]X 100 
(Original award amount) 


FCP = Final contract price 
DCO's = Deductive change crders 
VECO's = Value Engineering 


change orders 


66 


Column 1 
CONTRACT NUMBER 


Column 2 
E OND LOWEST BID 


Coluan 3 

NUMBER OF STANDARD 
LEVIATICNS CF LOW 
BID FROM THE MEAN 
Column 4 

EID SEREAD 

Columns 5 and 6 
ACTUAI CHANGE ORDE 
"EQUIVALENT" CHANG 


aer lowest bid 


RATE and 


R 
E ORDER RATE 


DATA GROUP 3 


20 
used asa 
in the 


The number assigned by 
(This number can te 
EOSS Eerercencegsorgdata 
first two Data Groups.) 


The amount submitted by the sec- 


ond lowest bidder for the con- 
tract. 

The number of standard devia- 
ton ea tene low bid for a 
contract lies from the mean of 
blde for that contract, ex- 
pressed as: 

(Mean bid - winning bid) 


Standard deviation of bids 


The percentage of spread between 
the winnin id and the second 
lowest bidder, expressed as: 


TIER ; = 11888 
Winning bid 


ee described in DATA 
ROUP 1) 
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WESTDIV CCNSTRUCTION CONTRACTS DATA 
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